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vacuum cleaner, and which is used to pre-filter the dirt
and dust-filled air by a method of negative pressure

filtration in order to substantially reduce the volume of

jﬁ+

air suspending the same amount of dirt before it enters
the vacuum cleaner bag, and to continously self-clean
the pre-filter. The result i1s to obtain air without small,
filter-clogging particulates by first aggregating them
into larger particles before they get to the vacuum
cleaner bag so that what enters the vacuum cleaner bag
are big clumps which would not have many small parti-
cles that can effectively clog up the filter bag. The
invention includes the concept of having a smaller suc-
tion force siphon off some air through various pre-filter
membranes while a larger suction force pulls the dirt
particles away from the pre-filter membranes by a nega-
tive pressure to keep them continuously clean and main-
tain their filtration efficiency.

12 Claims, 2 Drawing Sheets
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1
PREFILTER FOR VACUUM CLEANERS

BACKGROUND OF THE INVENTION

i. FIELD OF THE INVENTION

The present invention relates to pre-filtering appara-
tus which are used to pre-filter air before the air is used
for its intended purpose. The field of the present inven-
tion specifically relates to vacuum cleaners and an appa-
ratus for pre-filtering air and concentrating and aggre-
gating the dirt before it is either blown or sucked into
the vacuum cleaner bag for the purpose of trapping dirt
inside the vacuum cleaner bag.

2. DESCRIPTION OF THE PRIOR ART

A vacuum cleaner is an appliance, usually run on
electricity, which is used for cleaning surfaces such as
floors, carpets, tapestry or upholstered work, by clean-
ing means which involve suction. A modern vacuum
cleaner develops its suction by means of a fan which
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discharges a powerful stream of air from the rear end of 20

the casing. This sets up a powerful inflowing current of

air which carries along any dust particles from the car-
pet or floor to which the suction nozzle is applied. The
fan is usually driven by a small high-speed universal
motor. A universal motor can be work on either alter-
nating current or direct current. The fan has a large
number of blades set at an angle. Their rotation sets up
a flow of air in the axial direction. The air stream is
passed through a filter in which the dust is precipitated
and collected. In conventional bag type vacuum clean-
ers, the amr 1s inhaled through a suction nozzle which
picks up dirt and dust from a surface such as a carpet. A
sufficiently powerful airflow to carry along dust and
grit particles must be set up. Such air flow is induced by
the suction developed by the fan. The air passes through
a flap valve and into the filter bag and from there it exits
the filter bag via tiny pores in the filter bag and is blown
out of the rear end or other exit opening; the dust and
dirt thereby being trapped in the bag. The fan and
motor can be located ahead of or behind the bag.

A significant problem with prior art bag collection
type vacuum cleaners is that the effective suction power
gradually diminishes because of the increasing air flow
resistance as the tiny pores of the filter bag becomes
obstructed with dust particles.

One improvement known in the prior art is uséed in
good quality hand held vacuum cleaners. These units
have a small dust collecting chamber ahead of the filter.

In general, the problem with prior art bag type vac-
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and that which faces away from the clean, filtered air.
As a result of this positive pressure flow of air 220 onto

- the surface of the filter membrane 212, particulate mat-

ters are trapped within the matrix of the filter mem-
brane 212 and quickly diminishes the cleaning capability
of the vacuum cleaner.

Therefore, a significant need exists to eliminate the
problem of the clogging of filter membranes or filter
bags within vacuum cleaners to thereby prolong the
suction capability of the vacuum cleaner.

SUMMARY OF THE PRESENT INVENTION

The present invention is a pre-filter apparatus for use
in conjunction with a vacuum cleaner, and which is
used to pre-filter the dirt and dust-filled air by a method
of negative pressure filtration in order to substantially
decrease the volume of the air and to allow small dirt
particles to aggregate into large particles before they
enter the vacuum cleaner bag. The result is to obtain a
small volume of air containing big clumps too large to
effectively clog the pores in the vacuum cleaner filter
bag. Clogging of a filter requires particulate matters of
sizes comparabie to the effective pore sizes of the filter.
Particulates substantially smaller than the pores will
pass through the pores without clogging them. Particles
several orders of magnitudes larger than the pores also
cannot form tight seals with the pores, thus allowing air
to pass through. Therefore a substantial aggregation of
dirt particles before they arrive at the filter bag will
diminish the extent of clogging of the filter bag.

Most prior art pre-filters have pore size of the pre-fil-
ters larger than the pore size of the main filters, in order
to screen out larger particles before they arrive at the
main filters, so that only smaller particles more suitable
for the main filters to perform the filtration can be pres-
ented to the main filter membrane surface. Also, the
volume of filtrate passing through the conventional
prefilters per minute are usually identical to the volume
of filtrate passing through the main filter per minute. In
contrast, the present invention of a pre-filter unit utilizes
completely different principles. The pore size of the
pre-filter membranes can be larger, similar or smaller
compared to the pore size of the main filters (such as the
fitter bag of the vacuum cleaner). In addition, the pres-

~ ent pre-filter does not trap any particles of whatever

uum cleaners is illustrated in FIG. 1. For purposes of 50

the present discussion, the key elements of prior art
positive pressure bag filter vacuum cleaners are illus-
trated at 200. The air from the surface to be cleaned is
sucked into the vacuum cleaner through air intake 202
and pushed by the motor 204 and its fan into the filter
bag 210. The bag 210 comprises at least one filter mem-
brane or filter bag 212. The air flow 220 is blown onto
the surface of the filter membrane 212 and therefore the

dust and dirt sucked in through air intake 202 is also

- blown onto the surface of the filter membrane 212
through the positive pressure of the air 220 being
pushed onto the filter membrane 212. Positive pressure
1s defined as pressure in the direction of the retention
surface of a filter membrane or filter bag, pressing par-
ticular matters onto the retention surface, resulting in
obstruction of the pores of the filter membrane or bag.
The retention surface 1s defined as that surface of one
filter membrane or bag that faces the particulate matters
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sizes. A critical concept here is that the pre-filter mem-
branes rematn unclogged at all times while allowing a
portion of air to go through the pre-filter pores, thus
achieving the desirable purposes of (1) a long useful life
of the pre-filter without constantly having to change or
discard of the pre-filter; (2) a high undiminished effi-
ciency of removing air from the intake volume (amount
of dirt-filled air sucked in by vacuum cleaner); (3) de-
creasing the volume of air (per minute) presented to the
vacuum filter bag without decreasing the intake volume
(per minute) that the vacuum cleaner nozzle is capable
of sucking in; (4) promoting aggregation of small dirt
particles during transit through the pre-filter unit before
they arrive at the vacuum filter bag. The invention
includes the concept of having a smaller suction force
siphon off a portion of air out of the pre-filter mem-
branes while a larger suction force pulls the larger dirt
particles away from the pre-filter membranes by a nega-
tive pressure away from the pre-filter membranes to
prevent clogging of the pre-filter membranes them-

selves.
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The pre-filter of the present invention also comprises
filter membrane surfaces. The critical concept of the
present invention pre-filter is that instead of using posi-
tive pressure to push the dirty air onto the surface of the
filter membrane in the pre-filter, the present invention
device employs a negative pressure to pull the larger
particulate matter away from the surface of the pre-fil-
ter membrane. The definition of positive pressure is
hereby defined as pressure forcing the air and the dirt
therein toward the retention surface of the filter for the
particulate matters. The retention surface is that surface
~ of the filter which faces the air flow coming at it and
which faces away from the clean filtered air. By this
definition, conventional vacuum cleaner systems using a
negative suction from a motor and fan downstream
from the filter bag in fact also applies a positive pressure
on the filter bag directing the dirty air onto the filter
retention surface. The present invention pre-filter is
truly anti-clogging and is novel because it is designed to
actually pull particulate matters away from the reten-
tion surface of the filter membranes of the pre-filter.
Two suctional sources are in operation at all times on
the filter membrane surfaces. The weaker suctional
source 1s designed to siphon air out of the pre-filter unit
but 1t tends to push dirt onto the retention surface of the
pre-filter membrane. The stronger suctional source
sucks air in the opposite direction (negative pressure)
which tends to unclog the pre-filter membrane. By
preventing the pre-filter membrane from being clogged,
the pre-filter unit can continuously extract with undi-
minished efficiency, clean air from dust-filled air, result-
ing in the same amount of dust distributed in a smaller
volume of air, which leads to clumping of small dust
particles into large aggregates. As a result of forming
large aggregates, the dirt and dust particles cannot ef-
tectively clog the main vacuum cleaner bag.

This design is able to keep the pre-filter clean because
negative pressures on particulate matters are always
greater than the positive pressures moving them
towards any part of the pre-filter retention surfaces.
Consider the simple case of any single pre-filter pore, X,
located at any part of the pre-filter membrane. Two
sources of suctions are working against each other at X.
The positive pressure siphoning some air away from the
pre-filter tends to push the dirt onto the retention sur-
face. However, the negative pressure pulling the dirt
away from the retention surface is usually stronger.
During temporary disequilibrium of pressure sometimes
the positive pressure at X may exceed that of the nega-
tive pressure created by the pulling force of the main
vacuum cleaner fan. The resultant net positive pressure
will cause pore X to be temporarily clogged. However,
when pore X is clogged, the positive pressure created
by the pre-filter vacuum source will decrease at X to
zero, because flow rate there becomes zero. (Flow rate
1s equal to pressure divided by resistance. When X is
obstructed, resistance at X becomes infinitely large and
so the pressure in the direction of the flow of fluid
becomes zero). Since the negative pressure at X created
by the pulling force of the main vacuum pump remains
unchanged, a decrease of positive pressure at X to zero
will allow an increasingly larger net negative pressure
to unclog again the particulate matters temporarily
obstructing X.

It has been discovered, according to the present in-
vention, that if a pre-filter unit which aggregates small
particulate matter which can clog a filter membrane is
used to pre-filter incoming dirty air before the air
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reaches the main vacuum cleaner bag, the only air
reaching the main vacuum cleaner bag will contain very
large clumps of dirt which will be retained within the
vacuum cleaner bag but which are too large to be

trapped within the vacuum cleaner bag filter pores,
thereby significantly reducing the clogging of the filter
pores and prolonging the useful life of the vacuum

cleaner filter bag. Since the filter bag is less clogged,d
the suction power of the vacuum cleaner apparatus will
not be greatly diminished like conventional prior art
which will have increased resistance to air flow through
the pores of the filter bag from clogging of the filter bag
pores.

It has further been discovered, according to the pres-
ent invention, that if the pre-filter unit comprises a mul-
tiplicity of sub-pre-filter units through which the dirty
air 1s pre-filtered, the air finally entering the vacuum
cleaner bag will have most of the small, filter-clogging
particulate matter aggregated already and only the larg-
est non-filter-clogging clumps will remain in the air
which enters the main vacuum cleaner bag.

It has additionally been discovered, according to the
present invention, that if a weaker motor is used to pull
air through a pre-filter (exerting a weak positive pres-
sure on the pre-filter membrane tending to clog it) while
a stronger motor 1s used to suck the remaining particu-
lates away from the pre-filter unit memberane (exerting
a larger anti-clogging negative pressure on the same
pre-filter membrane), the filter membrane pores of the
pre-filter will remain unclogged. All dirt particles will
be pulled away from the filter membrane units of the
pre-filter and eventually be aggregated into larger
clumps and be sucked into the main vacuum cleaner
bag.

It 1s therefore an object of the present invention to
provide an apparatus which will pre-filter the dirty air
and thereby decrease its volume, and concentrate its
dirty content, and result in aggregation of the small
particulate matter from incoming dirty air before it is
sucked into the main vacuum cleaner bag, to thereby
substantially reduce the amount of filter-clogging mate-
rial that will be sucked into the main vacuum cleaner
bag and substantially reduce the clogging of the vac-
uum cleaner bag.

It 1s another object of the present invention to pro-
vide a pre-filter apparatus which comprises a multiplic-
ity of sub-pre-filter units to provide multiple pre-filter
membranes through which pores the clean air will pass,
resulting in an increase in the concentration of smail
filter clogging particulate matters which will aggregate
in the remaining volume of dirty air. Such aggregates
will be pulled away from the filter membranes of the
pre-filter unit by a larger negative force provided by the
vacuum cleaner fan.

It 1s a further object of the present invention to pro-
vide a simple detachable pre-filter unit which does not
require frequent changing and cleaning and which can
be easily attached onto conventional vacuum cleaner
units or be incorporated into conventional vacuum
cleaner systems.

Further novel features and other objects of the pres-
ent invention will become apparent from the following
detailled description, discussion and the appended
claims, taken in conjunction with the drawings.

DRAWING SUMMARY

Referring to the drawings for the purpose of illustra-
tion only and not limitation, there is illustrated:




=

FIG. 1 is a schematic flow diagram of prior art con-
ventional positive pressure vacuum cleaner systems.

FIG. 2 1s a schematic flow diagram of the present
invention pre-filter apparatus, illustrating the principles
of the negative pressure pre-filter units incorporated
Into a conventional positive pressure vacuum cleaner
system.

FIG. 3 1s a perspective view of a wedge section of
one embodiment of a pre-filter unit lncorporatlng the
principles of the present invention.

FIG. 41s a perspective view of another wedge section
of one embodiment of a pre-filter unit incorporating the
principles of the present invention.

FIG. 3 1s a perspective view of one embodiment of a
pre-filter unit incorporating the principles of the present
invention, including the wedge sections illustrated in
FIG. 3 and FIG. 4, with certain interior elements shown
in dashed lines.

FIG. 6 is a perspective view of a motor assembly to
be used with the pre-filter unit embodiment illustrated
in FIG. 5, with interior elements shown in dashed lines.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Although specific embodiments of the invention will
now be described with reference to the drawings, it
should be understood that such embodiments are by
way of example only and merely illustrative of but a
small number of the many possible specific embodi-
ments which can represent applications of the principles
of the invention. Various changes and modifications
obvious to one skilled in the art to which the invention
pertains are deemed to be within the spirit, scope and
contemplation of the invention as further defined in the
appended claims.

Referring particularly to FIG. 2, there is illustrated at
100 a schematic flow diagram of the present invention
pre-filter apparatus, illustrating the principles of the
negative pressure pre-filter units incorporated into a
conventional positive pressure vacuum cleaner system.
The pre-filter unit 110 comprises three sub-pre-filter
units 120, 130 and 140. It will be appreciated that the
selection of three sub-pre-filter units is merely a matter
of design choice and the present invention includes
within it any number of such sub-pre-filter units from at
least one to several hundred. First sub-pre-filter unit 120
comprises a filter housing 122 having within it at least
one pre-filter membrane 124. The housing 122 further
comprises a dirty-air inlet opening 121 and a clean-air
exit opening 123. Located within housing 122 and pref-
erably disposed along the longitudinal centerline of
housing 122 is dirty air passage tube 126 having throat
opening 128 preferably located near outlet opening 123.
Second sub-pre-filter unit 130 comprises-a filter housing
132 having within it at least one pre-filter membrane
134. The housing 132 further comprises a dirty-air inlet
opening 1321 and a clean-air exit opening 133. Located
“within housing 132 and preferably disposed along the
longitudinal centerline of housing 132 is dirty air pas-
sage tube 136 having throat opening 138 preferably
located near outlet opening 133. Third sub-pre-filter
unit 140 comprises a filter housing 142 having within it
‘at least one pre-filter membrane 144. The housing 142
further comprises a dirty-air inlet opening 141 and a
clean-air exit opening 143. Located within housing 142
and preferably disposed along the longitudinal center-
line of housing 142 is dirty air passage tube 146 having
throat opening 148 preferably located near outlet open-
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ing 143. Dirty air passage tube 126 extends through
connector tube 127 into air inlet 131 and dirty air pas-
sage tube 136 extends through connector tube 137 into
air inlet 141. The three clean air exit openings 123, 133
and 143 are joined through openings connector tube 150
into a single clean air exit passage 152. Clean air exit
passage 152 leads to first motor 160 which discharges
the clean air through clean air exit 162 into the atmo-
sphere. Dirty air passage tube 146 extends through
connector tube 147 into dirty air exit passage 166 which
leads to second motor 170 which discharges the air
through dirty air exit 172 which in turn leads to inlet
opening 206 of conventional vacuum cleaner bag hous-
ing 210 which contains conventional vacuum cleaner
filter membrane 212.

In operation, it is preferred that second motor 170 be
substantially more powerful than first motor 160. By
way of example only, second motor 170 can be in the
range from approximately two horsepower to approxi-
mately ten horsepower. By way of example only, first
motor 160 can be in the range from approximately one |
horsepower to approximately four horsepower. Dirty
air 220 which includes both large and small clumps of
dirt and dust is sucked into first dirty-air inlet opening
121 of first sub-pre-filter unit 120 by the combined suc-
tion of first motor 160 and second motor 170. A small
percentage of the air is pulled through the pores of the
pre-filter membrane 124 to become clean air 230 which
exits through clean-air outlet opening 123 from the
suction of first motor 160. The dirty air 220 including
large particulates and some small particulates is pulled
by the greater suction of more powerful second motor
170 into throat 128 and through dirty air passage tube
126 and along connector tube 127 into inlet opening 131
of second sub-pre-filter unit 130. Because the negative

pressure exerted by motor 170 is greater than the posi-

tive pressure created by motor 160, any small dirt parti-
cles obstructing a member pore of pre-filter membrane

124 will be pulled back again away from the retention

surface (facing the dirty air) and result in the same pore
being unclogged again. An additional small percentage
of the air is again pulled through filter membrane 134 to
become clean air 330 which exits through clean-air
outlet opening 133 from the suction of first motor 160.
The dirty air 220 including the large particulates and
some small particulates is pulled by the greater suction
of more powerful second motor 170 into throat 138 and
through dirty air passage tube 136 and along connector
tube 137 into inlet opening 141 of third sub-pre-filter
unit 140, Again, because motor 170 is more powerful
than motor 160, the pre-filter membrane pores of mem-
brane 134 will remain clean and unciogged. An addi-
tional small percentage of the air is pulled through pre-
filter membrane 144 to become clean air 430 which exits
through clean-air outlet 0pen1ng 143 from the suction of
first motor 160. The dirty air 220 mcludmg the large
particulates and some small particulates is pulled by the
greater suction of more powerful second motor 170 into
throat 148 and through dirty air passage tube 146 and
along connector tube 147 through passages 166 and 172
and into inlet opening 206 of the vacuum cleaner bag
212. By the time the dirty 220 gets to the vacuum clean

- bag inlet 206, most of the small particulates in the dirty

65

air have been aggregated into larger clumps because the
volume of dirty air suspending the same amount of dirt
1s progressively smaller as more clean air is sucked out
of clean air exit 123, 133, and 143 and the result is that
most filter-clogging particulates have become aggre-
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gated before entering inlet 206. Air entering inlet 206
contains mostly large particulates and dust which are
too large to obstruct the pores 250 of filter bag 212 and
instead settle within the interior of vacuum cleaner bag

212. As a result, the filter bag 212 remains clear and
clean for a longer period of time, thereby prolonging
the undiminished suction power of the vacuum cleaner.

A key concept of the present invention is that the
greater power of second motor 170 exerts a greater
pulling force away from the the pre-filter membranes
124, 134 and 144 than the positive pulling force onto
these pre-filter membranes by less powerful motor 160.
Therefore, the pre-filter membranes will not entrap any
particulate matters thereby keeping the pre-filter mem-
brane pores clear for additional filtering while the
greater negative pressure generated by the more power-
ful motor 170 pulls the particulates away from the pre-
filter membrane so they travel to the next sub-pre-filter
unit where again some of the air is sucked out without
clogging the pre-filter membrane pores while the par-
ticulates are carried to the next pre-filter unit and pro-
gressively concentrated. It will be appreciated that the
more pre-filter units there are, the better the pre-filter-
ing process of the dirty air and the more concentrated
the dirt becomes in the remaining volume of dirty air.

Clean air 162 is exhausted from the exhaust out of first
motor 160 1nto the atmosphere while clean air 240 is
exhausted out of the exhaust of second motor 170 into
the atmosphere.

Because motor 170 pumps dirty air into filter bag 212
with positive pressure, the pores 250 in filter bag 212
will eventually be clogged. When this happens the filter
bag 212 will have to be changed and either cleaned or
discarded as conventional vacuum cleaner bags are.
The present invention pre-filter unit merely prolongs
the useful life of bag 212 and the efficiency of motor 170
(which will be less effective when filter bag 212 be-
comes clogged) and does not prevent ultimate clogging
of the filter bag 212.

It will be appreciated that the flow rate of air is di-
minished as the air 220 is passed through the various
pre-filter units and then through the vacuum cleaner
bag assembly. The following locations have been
charted: (1) Location A is at the first dirty-air inlet 121
of first sub-pre-filter unit 120. (2) Location B is at the
throat 128 of first dirty air passage tube 126. (3) Loca-
tion C is at clean air outlet opening 123 of first sub-pre-
filter umit 120. (4) Location D is at the dirty air inlet 131
of second sub-pre-filter unit 130. (5) Location E is at the
throat 138 of second dirty air passage tube 136. (6) Lo-
cation F is at clean air outlet opening 133 of second
sub-pre-filter unit 130. (7) Location G is at the dirty air
inlet 141 of third sub-pre-filter unit 140. (5) Location H
is at the throat 148 of third dirty air passage tube 146. (6)
Location I is at clean air outlet opening 143 of third
sub-pre-filter unit 140. (7) Location J is at the entrance
to second motor 170. (8) Location K is at the exhaust
from second motor 170. (9) Location L is at the exhaust
from first motor 160.

It has been experimentally determined as an illustra-
tive example that the following flow rates occur at the
locations described above.

Location Flow Rate Of Air In Liters Per Minute
A 50
B 40
C 10

10

15

20

23

30

35

43

50

35

60

65

8

-continued
Flow Rate Of Air In Liters. Per Minute

40
30

10
30
20

10
20
20
30

Location

AR == QOTmg

It will be appreciated that the negative pressure at B
(40 L/min) pulling away from pre-filter membrane 124
1s substantially greater than the positive pressure ex-
erted in filtering 10 L/min of air through membrane
124, and exiting through exit connection 230. Similarly
at location E, the negative pressure generated by a flow
rate of 30 L/min is again greater than the positive pres-
sure created by extracting 10 L/min of clean air. Even
at H, the negative pressure (20 L/min) is greater than
the positive pressure created by a flow of 10 L/min at 1.
Such an arrangement is the unique concept of this pre-
filter whereby the negative pressures on the retention
surface of the pre-filter membranes keep them clean and
unobstructed.

It will be further appreciated that the concept of the
present invention as illustrated in the above described
apparatus can be incorporated into any multiplicity of
embodiments which are within the spirit and scope of
the present invention. One such illustrative practical
apparatus embodiment will be described below. The
concept of this embodiment is to incorporate a multi-
plicity of sub-pre-filter units, for example 5, into a cylin-
drical enclosure. To maximize the efficiency of space
utilized, each sub-pre-filter unit is in the form of an

‘elongated wedge as illustrated in FIG. 3. First wedge

shaped sub-pre-filter unit 20 comprises a- housing 22
having within it at least one generally cylindrical filter
membrane 24. The housing further comprises a dirty air
inlet opening 21 and a clean air exit opening 23. Located
within wedge shaped housing 22 and disposed within
the filter membrane 24 is dirty air passage tube 26 hav-
ing an interior throat opening 28. The opposite end of
dirty air passage tube 26 extends into connector tube 27
which will extend to the inlet opening of the housing of
the next wedge shaped sub-pre-filter unit. The passage
of air in the direction of connector tube 27 away from
throat opening 28 creates a negative pressure in the

direction away from the retention surface of filter mem-

brane 24, thus creating an anti-clogging force. It will be
appreciated that that exit opening 23 is connected to the
lower horsepower motor while the dirty air passage
tube 26 1s eventually connected to the greater horse-
power motor. A portion of the air entering the inlet
opening 21 is sucked through the pre-filter membrane
24 which then exit as clean-air through the clean air
outlet opening 23 to the lower horsepower motor while
most of the dirty air including the large particulates and
some smaller particulates enters through opening 28 and
goes through dirty air passage tube 26 and to the inlet of
the next sub-pre-filter unit. As explained above, the
negative anti-clogging pressure will unclog any clogged
pores of pre-filter 24. Eventually the large aggregates of
dirt will enter into the vacuum cleaner bag, as previ-
ously described.

The pre-filter is always kept clean and unclogged

because in contrast to the filter bag of the vacuum



9
cleaner, the pre-filter operates in a truly novel and effec-
tive anti-clogging principle, as described above.

‘The present invention pre-filter assembly 99 having
five sub-pre-filter units is illustrated in FIG. 5. It will be
appreciated that the five units are comparable to the
unit 1liustrated in FIG. 3. The sixth wedge is illustrated

in FIG. 4, which does not have any pre-filters and
serves as a relay between the fifth sub-pre-filter unit to
the vacuum cleaner main motor. In order to make the
drawing too complicated and for purposes of clarity,
the filter membranes are not illustrated in FIG. 5 but it
will be appreciated that in each of the five wedge
shaped sub-pre-filter units, the filter membrane is lo-
cated within the sub-pre-filter unit as illustrated in FIG.
3. As 1llustrated in FI1G. 3 but referring to FIG. 5, first
sub-pre-filter unit 20 includes inlet opening 21 into suc-
tion tube 19 (coming from the vacuum cleaner inlet
opening which sucks air and dirt from the surface to be
cleaned) extends. Dirty air 220 enters through inlet
opening 21, and a portion is sucked through the pre-fil-
ter membrane within sub-pre-filter unit 20 (resulting in
clean air to exits at B’) and the majority of the air includ-
ing large dirt particles and some small dirt particles is
sucked into throat opening 28 of dirty air passage tube
26 which extends into connector tube 27 which in turn
extends into inlet opening 31 of second wedge shaped
sub-pre-filter unit 30. Similarly, dirty air 220 enters
through inlet opening 31, and a portion is sucked
through the pre-filter membrane within sub-pre-filter
unit 30 (resulting in clean air which exits at D’) and the
majority of the air including large dirt particles and
some small dirt particles is sucked into throat opening
38 of dirty air passage fube 36 which extends into con-
nector tube 37 which in turn extends into inlet opening
41 of third wedge shaped sub-pre-filter unit 40. Simi-
larly, dirty air 220 enters through inlet opening 41, and
a portion is sucked through the pre-filter membrane
within sub-pre-filter unit 40 (resulting in clean air which
exits at F’) and the majority of the air including large
dirt particles and some small dirt particles is sucked into
throat opening 48 of dirty air passage tube 46 which
extends into connector tube 47 which in turn extends
into inlet opening 51 of fourth wedge shaped sub-pre-fil-
ter unit 50. Similarly, dirty air 220 enters through inlet
opening 51, and a portion is sucked through the pre-fil-
ter membrane within sub-pre-filter unit 50 (resulting in
clean air which exits at H") and the majority of the air
iIncluding large dirt particles and some small dirt parti-
cles 1s sucked into throat opening 58 of dirty air passage
tube 56 which extends into connector tube 57 which in
turn extends into inlet opening 61 of fifth wedge shaped
sub-pre-filter unit 60. Similarly, dirty air 220 enters
through inlet opening 61, and a portion is sucked
through the pre-filter membrane within sub-pre-filter
unit 60 (resulting in clean air which exits at J') and the
majority of the air including large dirt particles and
some small dirt particles is sucked into throat opening
68 of dirty air passage tube 66 which extends into con-
nector tube 67 which in turn extends into inlet opening
71 of sixth wedge shaped sub-pre-filter unit 70. Sixth
wedge shaped sub-pre-filter unit 70 does not have the
- filter membrane assembly but instead extends directly
through dirty air passage tube 76 to dirty air outlet
opening 78 which in turn extends into dirty air outlet
tube 80 which extends into the heavy duty motor and to
the vacuum cleaner bag.

Comparable to the illustration in FIG. 3, each of the
five sub-pre-filter units illustrated in FIG. 5 has an
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clean-air outlet opening and tube which extends into an
openings connector tube which in turn leads to the
lighter powered motor. Specifically, first sub-pre-filter
unit 20 has clean-air exit opening 23, second sub-pre-fil-
ter unit 30 has clean-air exit opening 33, third sub-pre-
filter unit 40 has clean-air exit opening 43, fourth sub-
pre-filter unit 30 has clean-air exit opening 53, and fifth
sub-pre-filter unit 60 has clean-air exit opening 63. Each
of the clean-air exit openings extends via their respec-
tive tubes into a central connector tube 90 which in turn
leads to the less powerful motor.

A persPectlve view of one embodiment of the motor
unit 300 is illustrated in FIG. 6. First chamber 310 in-
cludes one motor 320 which drives two suction creating
fans. In this embodiment, instead of two motors as illus-
trated in FIG. 2, there is one motor driving fans of
different sizes to thereby create the varying suction
differential. Also housed in first chamber 310 is smaller
suction creating fan 330 whose blades can be one to two
inches. Motor inlet passage tube 340 leads from central
clean air connector tube 90 into the first chamber 310.
Therefore the smaller fan 330 generates the smaller
suction to pull air out of the respective pre-filter mem-
branes of the sub-pre-filter units. Second chamber 350
includes larger suction crating fan 360 whose blades can
be two to four inches. Motor inlet passage tube 370
leads from dirty air outlet tube 80 into the second cham-
ber 350. Therefore the large fan 360 generates the larger
suction to pull the larger dirt particles and some aggre-
gated clumps derived from smaller particulates away
from the sub-pre-filter unit membranes by the negative
pressure principle previously discussed. The second
chamber 350 leads to the vacuum cleaner filter bag 400
which will hold the larger particles without having
them entraped in the pores of the larger bag, thereby
assuring a longer productive suction from the vacuum
cleaner, as previously discussed.

The pre-filter unit of the present invention can be
made of any suitable material such as plastic, polyvinyi,
or metal. ‘The filter membranes themselves in the pre-fil-
ter units can include an conventional material such as
fabric mesh.

Defined in more general terms, the present invention
Is an apparatus for pre-filtering air which comprises
large dirt and dust particles and small dirt and dust
particles prior to the air entering the bag of a vacuum
cleaner, comprising: (a) a multiplicity of pre-filter
means wherein each pre-filier means further comprises:
(1) a housing having at least one pre-filter membrane
therein, (ii) the housing having a dirtyair inlet opening
to receive the air to be pre-filtered, (iii) the housing
having a clean-air outlet exit connected to a central
connector tube, (1v) the housing having a dirty air pas-
sage tube having an opening located within the interior
housing space surrounded by said at least one pre-filter
membrane and exiting the housing through a dirty-air
exit opening; (b) each of the clean-air outlet exits of said
multiplicity of pre-filter means connected to said central
connector tube which in turn is connected to a first
source of vacuum suction; (c) a respective dirty-air exit
opening from a dirty air passage tube of a respective one
pre-filter means connected to the dirty-air inlet opening
an an adjacent respective pre-filter means; (d) the last
pre-filter means having a dirty-air exit opening from its
dirty air passage tube connected to a second source of
vacuum suction; {(e) a first source of vacuum suction
which creates a vacuum through said central connector
tube and into the housing of each pre-filter means to
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thereby create a positive source of vacuum pressure of
the air against the retention surface of said at least one
pre-fiiter membrane of each pre-filter means to thereby
suck the air to be pre-filtered out of at least one pre-fil-
ter means; (f) a second source of vacuum suction which
creates a negative source of vacuum pressure through
said dirty air passage tube of each pre-filter means and
through the means connecting the dirty-air exit of one
dirty air passage tube to the dirty-air inlet of an adjacent
pre-filter means to thereby create a negative source of
vacuum pressure pulling the dirt and particles away
from the retention surface of said at least one filter
membrane of each pre-filter means to thereby suck the
air to be pre-filtered away from the retention surface of
said at least one filter membrane of each pre-filter means
of through the dirty air passage tubes and connector
means which connect one dirty air passage tube to a
dirty-air inlet opening of an adjacent pre-filter means;
(g) means connecting the flow of air from the second
source of vacuum to the bag of the vacuum cleaner; and
(h) the suction created by said second source of vacuum
being greater than the suction created by said first
source of vacuum; (i) whereby the positive pressure
suction generated from said first source of vacuum suc-
tion causes some air to be drawn out of the dirty air
through the pre-filter membrane pores, while the sec-
ond source of vacuum suction causes the large dirt and

dust particles and some small dirt and dust particles to .

be sucked away from the same pre-filter membrane
pores into the vacuum cleaner bag, and to continuously
self-clean the pre-filter membranes.

Defined even more broadly, the present invention is
an apparatus for pre-filtering air which comprises large
dirt and dust particles and small dirt and dust particles
prior to the air entering the bag of a vacuum cleaner,
comprising: (a) at least one pre-filter means further
comprising: (1) a housing having at least one pre-filter
membrane therein, (ii) the housing having an inlet open-
ing to receive the air to be pre-filtered. (iii) the housing
having an outlet exit connected to a first source of vac-
uum suction, (iv) the housing having a dirty air passage
tube having an opening located within the interior hous-
ing space surrounded by said at least one pre-filter mem-
brane and exiting the housing through an opening con-
nected to a second source of vacuum suction; (b) a first
source of vacuum suction which creates a positive pres-
sure of the air against the retention surface of said at
least one pre-filter membrane to thereby suck the air out
of at least one pre-filtered means; (c) a second source of
vacuum suction which creates a negative source of
vacuum pressure of the air away from the retention
surface of said at least one pre-filter membrane to
thereby suck the dirty air to be pre-filtered away from
the retention surface of said at least one pre-filter mem-
brane and through said dirty air passage tube; (d) means
connecting the flow of dirty air from the second source
of vacuum to the bag of the vacuum cleaner; and (e) the
suction created by said second source of vacuum being
greater than the suction created by said first source of
vacuum; (f) whereby the positive pressure suction gen-
erated from said first source of vacuum suction causes
some of the air to be extracted out of at least one pre-fil-
ter membrane of the pre-filter means while the second
source of vacuum suction causes the large dirt and dust
particles and some small dirt and dust particles to be
concentrated and aggregated and sucked into the vac-
uum cleaner bag, and to continuously self-clean the
pre-filter membranes.
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In addition to being described as an apparatus, the
present invention can also be described as a method for
pre-filtering the air as follows. The present invention is
a method for pre-filtering air which comprises large dirt
and dust particles and small dirt and dust particles prior
to the air entering the bag of a vacuum cleaner, com-
prising: (a) generating a first source of suction on the air
to cause the air to be sucked onto at least one pre-filter
membrane and through the pores of the pre-filter mem-
brane; (b) generating a second source of suction on the
air to cause the air containing the dirt and particulate
matters to be sucked away from the at least one pre-fil-
ter membrane; and (c) the second source of suction
being greater than the first source of suction to thereby
enable unclogging of the pre-filter membrane while the
large dirt and dust particles and some of the small dirt
and dust particles are aggregated and caused to travel to
the bag of a vacuum cleaner.

The present invention can also be defined as a method
for pre-filtering air which comprises large dirt and dust
particles and small dirt and dust particles prior to the air
entering the bag of a vacuum cleaner, comprising: (a)
generating a first source of suction on the air to cause
the air to be sucked onto the pre-filter membranes and
through the pore of the pre-filter membrane of a multi-
plicity of pre-filter units; (b) generating a second source
of suction on the air to cause the air containing the dirt
and particulate matter to be sucked away from the pre-
filter membranes of a multiplicity of pre-filter units: and
(c) the second source of suction being greater than the
first source of suction to thereby enable unclogging of
any particles entrapped in the pre-filter membranes
while the large dirt and dust particles and some of the
small dirt and dust particles are aggregated and caused
to travel to the bag of a vacuum cleaner.

Of course the present invention is not intended to be
resticted to any particular form or arrangement, or any
specific embodiment disclosed herein, or any specific
use, since the same may be modified in various particu-
lars or relations without departing from the spirit or
scope of the claimed invention hereinabove shown and

~ described of which the apparatus shown is intended
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only for illustration and for disclosure of an operative
embodiment and not to show all of the various forms of
modification in which the invention might be embodied
or operated.

The invention has been described in considerable
detail in order to comply with the patent laws by pro-
viding full public disclosure of at least one of its forms.
However, such detailed description is not intended in
any way to limit the broad features or principles of the
invention, or the scope of patent monopoly to be
granted.

What is claimed is:

1. An apparatus for pre-filtering air which comprises
large dirt and dust particles and small dirt and dust
particles prior to the air entering the bag of a vacuum
cleaner, comprising:

a. at least one pre-filter means further comprising:

(1) a housing having at least one-pre-filter mem-
brane therein,

(1) the housing having an inlet opening to receive
the air to be pre-filtered,

(i11) the housing having an outlet exit connected to
a first source of vacuum suction,

(iv) the housing having a dirty air passage tube
having an opening located within the interior
housing space surrounded by said at least one
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pre-filter membrane and eiiting the housing

through an opening connected to a second
source of vacuum suction;

~ b. a first source of vacuum suction which creates a

positive pressure of the air against the retention

surface of said at least one pre-filter membrane to

thereby suck the air to be pre-filtered through

pores of the said at least one pre-filter membrane:

c. a second source of vacuum suction which creates a
negative source of vacuum pressure of the air and
dirt away from the retention surface of said at least
one pre-filter membrane to thereby suck the dirty
air and dirt to be pre-filtered away from the reten-
tion surface of said at least one pre-filter membrane
and through said dirty air passage tube;

d. means connecting the flow of dirty air from the
second source of vacuum to the bag of the vacuum
cleaner; and

e. the suction created by said second source of vac-

uum being greater than the suction created by said
first source of vacuum;

f. whereby the positive pressure suction generated
from said first source of vacuum suction causes
some of the air to be sucked through the pores of
said at least one pre-filter membrane of the pre-fil-
ter means while the second source of vacuum suc-
tion causes the large dirt and dust particles and
some small dirt and dust particles to be aggregated
into large particles too large to clog the vacuum
cleaner bag, before they are sucked into the vac-
uum cleaner bag, and to continuously self-clean the
pre-filter membranes.

2. An apparatus in accordance with claim 1 wherein:

a. said first source of vacuum suction is an electric
motor having a horsepower in the range of one to
four; and

b. said second source of vacuum suction is an electric
motor having a horsepower in the range of two to
ten.

J. An apparatus in accordance with claim 1 wherein
said first and second sources of vacuum suction are
driven by a single electric motor and said first source of
vacuum suction is created by a first fan and said second
source of vacuum suction is created by a second fan
having blades which are larger than the blades of the
first fan.

4. An apparatus in accordance with claim 3 wherein
the blades of said first fan are in the size range of one to
two inches and the blades of said second fan are in the
size range of two to four inches. |

5. An apparatus in accordance with claim 1 wherein
said at least one pre-filter membrane is made of fabric
mesh.

6. An apparatus for pre-filtering air which comprises
large dirt and dust particles and small dirt and dust
particles prior to the air entering the bag of a vacuum
cleaner, comprising:

a. a multiplicity of pre-filter means wherein each
pre-filter means further comprises:

(1) a housing having at least one pre-filter mem-
brane therein, |

(1) the housing having a dirty air inlet opening to
receive the air to be pre-filtered,

(111) the housing having a clean air outlet exit con-
nected to a central connector tube,

(1v) the housing having a dirty air passage tube
having an opening located within the interior
housing space surrounded by said at least one
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pre-filter membrane and exiting the housing
through a dirty air exit opening; |

b. each of the clean air outlet exits of said multiplicity
of pre-filter means connected to said central con-
nector tube which in turn iIs connected to a first
source of vacuum suction;

C. a respective dirty air exit opening from a dirty air
passage tube of a respective one pre-filter means
connected to the dirty air inlet opening an an adja-
cent respective pre-filter means;

d. the last pre-filter means having a dirty air exit
opening from its dirty air passage tube connected
to a second source of vacuum suction;

e. a first source of vacuum suction which creates a
vacuum through said central connector tube and
into the housing of each pre-filter means to thereby
create a positive pressure of the air against the
retention surface of said at least one pre-filter mem-
brane of each pre-filter means to thereby suck the
air to be pre-filtered out of at least one pre-filter
means; ) |

f. a second source of vacuum suction which creates a
negative source of vacuum pressure through said
dirty air passage tube of each pre-filter means and
through the means connecting the dirty air exit of
one dirty air passage tube to the dirty air inlet of an
adjacent pre-filter means to thereby create a nega-
tive source of vacuum pressure pulling the dirt and
particles away from the retention surface of said at
least one pre-filter membrane of each pre-filter -
means to thereby suck the air and dirt away from
the retention surface of said at least one pre-filter
membrane of ‘each pre-filter means and through the
dirty air passage tubes and connector means which
connect one dirty air passage tube to a dirty air
inlet opening of an adjacent pre-filter means;

g. means connecting the flow of air from the second
source of vacuum to the bag of the vacuum
cleaner; and

h. the suction created by said second source of vac-
uum being greater than the suction created by said
first source of vacuum; -

1. whereby the positive pressure suction generated
from said first source of vacuum suction causes
some of the air to be sucked out of the pores of said

" at least one pre-filter membrane of all of the pre-fil-
ter means while the second source of vacuum suc-
tion causes the large dirt and dust particles and
some small dirt and particles to be aggregated be-
fore they are sucked into the vacuum cleaner bag,
and to continuously self-clean the pre-filter mem-
branes. |

7. An apparatus in accordance with claim 6 wherein:

. said first source of vacuum suction is an electric

motor having a horsepower in the range of one to

four: and |

. satd second source of vacuum suction is an electric

motor having a horsepower in the range of two to

ten. :

8. An apparatus in accordance with claim 6 wherein
said first and second sources of vacuum suction are
driven by a single electric motor and said first source of
vacuum suction is created by a first fan and said second
source of vacuum suction is created by a second fan
having blades which are larger than the blades of the
first fan.

9. An apparatus in accordance with claim 8 wherein -
the blades of said first fan are in the size range of one to

o



' 4,906,259
15 16

two Inches and the blades of said second fan are in the and to thereby continuously self-clean the pre-filter
size range of two to four inches. membranes.

10. An apparatus in accordance with claim 6 wherein 12. A method for pre-filtering air which comprises
said at least one pre-filter membrane of pre-filter means large dirt and dust particles and small dirt and dust
1s made of fabric mesh. 5 particles prior to the air entering the bag of a vacuum

11. A method for pre-filtering air which comprises cleaner, comprising:
large dirt and dust particles and small dirt and dust a. generating a first source of suction on the air to
particles prior to the air entering the bag of a vacuum cause the air to be sucked through the pores of the
cleaner, comprising: pre-filter membranes and out of a multiplicity of

a. generating a first source of suction on the air to 10 pre-filter units;

cause the air to be sucked through at least one b. generating a second source of suction on the air to
pre-filter membrane and out of at least one pre-fil- cause the air and dirt to be sucked away from the
ter membrane; pre-filter membranes of a multiplicity of pre-filter

b. generating a second source of suction on the air to units; and

cause the air and dirt to be sucked away fromtheat 15  c. the second source of suction being greater than the
least one pre-filter membrane; and first source of suction to thereby enable some of the

C. the second source of suction being greater than the air t0 be sucked out of the pre-filter membranes

first source of suction to thereby enable some of the while the large dirt and dust particles and some of
air to be sucked out of the at least one pre-filter the small dirt and dust particles aggregate and
membrane while the large dirt and dust particles 20 subsequently are caused to travel to the bag of a
and some of the small dirt and dust particles aggre- vacuum cleaner, and to thereby continuously self-
gated to form large particles which subsequently clean the pre-filter membranes.
are caused to travel to the bag of a vacuum cleaner, ¥ O* ¥ % %
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